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New York, New York
A vast array of methods are currently available to evaluate
right ventricular systolic function. The data generated when
these methods are applied to patients with different disease
states are reviewed in detail by Manno et al. in this issue
of the Journal (1). However, despite the many investigations
in this area, several major problems still confront the clinical
as well as the investigative cardiologist interested in right
ventricular function.
Determinants of Right Ventricular Function
Many investigators have attempted to describe right ven-
tricular function in terms of simple linear relations between
one of the variables of right ventricular function and one or
another isolated variable. For example, some groups (2-5)
have suggested that one variable, peak pulmonary artery
systolic pressure, is a major determinant of right ventricular
function. Other groups (6-8) have focused on right ven-
tricular blood flow through the right coronary artery as a
major determinant of right ventricular function. By con-
centrating on one variable at a time, these investigations
have ignored other variables that probably are concurrently
contributing to overall right ventricular function. Several
studies that suggest that there is a linear correlation between
right ventricular ejection fraction at rest and peak pulmonary
artery pressure do not take into account right ventricular
wall thickness or internal cavity dimension. Some studies
that correlate a decrease in exercise right ventricular ejection
fraction with the presence of severe proximal right coronary
artery disease do not consider the effect of increases in pul-
monary artery pressure that result from exercise-induced left
ventricular dysfunction. Some investigators (9) have de-
scribed an improvement in right ventricular ejection fraction
in patients with chronic obstructive pulmonary disease after
therapy with bronchodilators. They suggested that the im-
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provement is mediated by means of a decrease in pulmonary
vascular resistance. However, possible effects of these sym-
pathomimetics on the intrinsic contractility of the right ven-
tricle have not been evaluated.
Any description, therefore, of right ventricular function
must take multiple determinants into account. Although as-
sessment of some of these variables is possible (for example,
right ventricular free wall thickness or absolute right ven-
tricular internal cavity dimension), they are usually tech-
nically difficult to measure and far from being standardized
for either a normal population or one with pathology (10, II).
It is possible that the operating room may be the first setting
where right ventricular systolic function can be described
with respect to some measure of all these variables. Intra-
operative use of the two-dimensional echocardiogram will
probably be a helpful tool.
Measurement of Right Ventricular
Systolic Function
The variable most commonly used to describe right ven-
tricular systolic function is ejection fraction. Is right ven-
tricular ejection fraction, as calculated by current methods,
a reproducible and accurate quantity?
Right ventricular ejection fraction can be calculated using
biplane contrast ventriculography or two-dimensional echo-
cardiography. These methods are dependent on certain geo-
metric assumptions. Although different geometric models
and regression formula have been derived for children as
well as adults, many of the models refer to plastic casts of
normal cadaver hearts as their reference. The casts of the
right ventricle are made under a ventricular chamber pres-
sure of about 10 cm of water, roughly duplicating conditions
at end-diastole. The application of formulas based on normal
hearts to patients with right ventricular volume overload
(atrial septal defect, right ventricular infarction) or pressure
overload (pulmonary hypertension, tetralogy of Fallot) has
to be validated.
More recently, several radionuclide techniques have been
developed from which an ejection fraction can be calculated
independent of geometry. However, as discussed by Manno
et al. (I), the gated blood pool technique as well as the first
pass technique are each subject to certain sources of error.
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Use of these techniques in the presence of atrial fibrillation
or very dilated atrial chambers has not yet been validated.
The most appealing aspect, however, of radionuclide tech-
niques is that serial measurements can be made under dif-
ferent conditions. Abnormalities in right ventricular function
uncovered only during the stress of exercise can be easily
evaluated by rest and exercise nuclear scans.
Other variables used to describe right ventricular systolic
function are systolic ejection time intervals, hemodynamic
measurements of right-sided output and filling pressure and
end-systolic pressure-volume relations. However, none of
these have gained wide acceptance. Although we should
not rely solely on the right ventricular ejection fraction as
the only variable of systolic function, more effort should be
directed to improving the accuracy of the methods used to
calculate it. Whether the application of digital subtraction
angiography techniques will allow simpler evaluation of
right ventricular systolic function remains to be determined.
Clinical Applications
There are several clinical settings where the state of right
ventricular systolic function has a major consequence. In
the setting of acute myocardial infarction, evaluation of right
ventricular performance has been useful in diagnosing right
ventricular infarction. Also, data derived from radionuclide
techniques have suggested that right ventricular function
may be a prime determinant of outcome in acute ventricular
septal defect (12). In addition, radionuclide techniques have
been used to demonstrate recovery of right ventricular func-
tion after successful repair of peri-infarction ventricular sep-
tal defect (13).
In the setting of valvular heart disease, determination of
right ventricular ejection fraction has allowed a noninvasive
assessment of the degree of pulmonary hypertension (5). In
addition, use of serial evaluation of right ventricular ejection
fraction before and after interventions that change pulmo-
nary vascular resistance has given us some insight into which
factors may depress or augment right ventricular systolic
function (14,15).
Several investigators (15-17) have demonstrated that right
ventricular ejection fraction improves after vasodilator ther-
apy for chronic left ventricular failure. The improvement in
ejection fraction is probably secondary to changes in the
loading conditions induced by the vasodilators, and may,
in fact, contribute to increasing the output of the heart.
In the setting of congenital heart disease affecting the
right side of the heart, the adequacy of right ventricular
systolic function is of paramount importance. In addition to
describing the baseline state of right ventricular function, a
radionuclide evaluation of the right ventricle has recently
been utilized to detect residual impairment of right ventric-
ular systolic function after definitive repair (18-21).
Prognostic Utility
The usefulness of evaluating right ventricular ejection
fraction as a prognostic tool in both adult and congenital
heart disease is becoming more apparent. In acute myo-
cardial infarction involving the right ventricle, the short-
and long-term effects of nonsurgical reperfusion of the right
coronary artery may not be apparent if only left ventricular
function is evaluated (22).
Improvement in right ventricular ejection fraction is usu-
ally seen after mitral valve repair or replacement. However,
serial right ventricular ejection fraction studies may post-
operatively identify patients who may not have a good clin-
ical response or in whom pulmonary artery pressure has
remained elevated despite valve repair (23). Use of rest- or
exercise-induced right ventricular dysfunction as a marker
of residual pulmonary hypertension may be very helpful in
predicting the course of patients who have undergone tri-
cuspid valve repair or replacement in addition to other valve
surgery.
The presence of a large population of young adults who
have had repair of congenital heart defects affecting the
right side of the heart presents us with the challenge of
identifying which patients are susceptible to sudden death
or continued deterioration in spite of definitive repair. This
problem has been delineated by Fuster et al. (24). For ex-
ample, in patients after repair of tetralogy of Fallot, use of
rest and exercise right ventricular ejection fraction may pro-
vide a noninvasive clue of a residual and perhaps correctable
hemodynamic problem. Alternatively, in patients with ad-
equate repairs, evaluation of rest and exercise right ven-
tricular ejection fraction may uncover subclinical right ven-
tricle dysfunction.
Conclusions
Invasive and noninvasive techniques of evaluating right
ventricular function are being used with greater frequency.
In addition, these tests may provide useful information re-
garding a patient's current management or prognosis. In
view of the increasing applications of techniques that de-
scribe right ventricular function, more attention should be
directed toward improving the accuracy and reproducibility
of these methods.
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